ABSTRACT The concept that refractoriness of the His-Purkinje system (HPS) and ventricular muscle both vary directly with cycle length is based on observations during the use of constant cycle length. During abrupt changes in ventricular cycle length, refractoriness of the ventricular muscle is known to reflect the cumulative durations of preceding cycle lengths. 
REFRACTORINESS of the His-Purkinje system (HPS) and ventricular muscle has been extensively studied.1-'7 Such studies, generally performed during steady-state conditions, i.e., constant basic cycle length, have shown that refractoriness of the HPS and ventricular muscle behave in parallel fashion, with both shortening as basic cycle length is abbreviated. Few studies, however, have systematically examined the effects of abrupt cycle length alterations on refrac-toriness of the HPS and ventricular muscle.' '-Studies by Han and Moe'4 on canine hearts again demonstrated a parallel behavior of the HPS and ventricular muscle and showed a so-called cumulative effect on refractoriness of preceding cycle lengths. Although recent studies ' in man on refractoriness of ventricular muscle showed similar results, our observations during abrupt alteration in atrial cycle length on refractoriness of the HPS were markedly different." Rather than responding to the cumulative effect of preceding cycle lengths, the response of the HPS was opposite of that anticipated from studies on ventricular muscle and suggested that the HPS responds to directional and/or dynamic changes in cycle length. This would suggest a dissociation of functional behavior between the HPS and ven-CIRCULATION tricular muscle that has not been previously demonstrated in man. To further define the functional differences between the behavior of the HPS and that of ventricular muscle, the. present study evaluated retrograde refractoriness of the HPS and ventricular muscle during constant cycle length and abrupt changes in cycle length. Salient findings and the possible clinical implications are discussed.
Methods
Electrophysiologic studies were performed in 30 patients with symptomatic or suspected cardiac arrhythmias. Studies were carried out with patients in the postabsorptive unsedated state after signed consent to the explained procedure was obtained. By use of local anesthesia and fluoroscopic guidance, multipolar electrode catheters were percutaneously introduced and positioned in the high right atrium, the atrioventricular junction, and the right ventricle for recording local electrical activity or for local pacing. With previously described techniques,2' satisfactory recordings from the right bundle branch were also obtained in 16 of these patients. All intracardiac electrograms (filter frequency 30 to 500 Hz), three-surface electrocardiographic leads (I, II, and VI), and time lines were simultaneously displayed on a multichannel oscilloscope and were recorded on magnetic tape for later reproduction. Programmed electrical stimulation was accofmplished with a digital stimulator delivering rectangular impulses of adjustable amplitude and duration. In none of the patients was the magnitude or duration of the electrical pulse altered during the study. All equipment was grounded, and electrical stimulation was performed via an isolation unit.
Patients were studied with the conventional technique of ventricular premature stimulation (S2 or V2) designated as method I, wherein the V2 was introduced after a series of 6 ventricular beats of predetermined cycle lengths (SIS, or V1VI). The ventricular coupling (S1S2 or V,V2) was progressively decreased by 10 msec until the effective refractory period (ERP) of the ventricular muscle was reached. The effect of abrupt change in cycle length (method II) was evaluated by altering the cycle length preceding (CLp) the last beat of the ventricular drive in method I. Since the cycle length before V2 was of identical duration in both methods I and II, it was termed the reference cycle length (CLR) (figure l). In method II abrupt shortening of cycle length, i.e., CLp greater than CLR, was designated as method IIA; abrupt lengthening of cycle length, i.e., CLp less than CLR, was designated as mnethod IIB (figure 1). In patients who had atrioventricular dissociation during ventricular pacing, simultaneous atrial and ventricular pacing was performed during the basic drive to avoid interruption of the basic drive caused by intermittent ventricular capture from sinus beats. Programmed atrial extrastimuli were also introduced after V2, when V2 demonstrated a retrograde block, in order to document the site of block, i.e., the atrioventricular node or the HPS-22
All determinations of refractory period were performed two or three times in quick succession, and values were only used if they were identical on two occasions.
Statistical analysis of data was done with Student's t test. Definitions of terms. A complete list of definitions of terms for both antegrade and retrograde conduction in studies of refractory period has been published.6 9 Only the intervals pertinent to this report are defined below.
Antegrade HPS conduction. The HV and RB-V intervals were measured from the onset of the respective deflections to the earliest detectable ventricular activation on the surface electrocardiogram or on the local electrogram recordings. Retrograde HPS conduction. The retrograde His bundle and right bundle branch potentials for the basic drive beats (H, and RB,) could not be identified. When the two deflections emerged from the local V2 electrogram, the S2H2 (V2H2) and S2RB2 (V2RB2) intervals were measured from the stimulus artifact (and local ventricular electrogram) to the onset of respective potentials. figure 3,  A, B, E, and F ). An increase in ERP of ventricular muscle during method IIB as compared with method I was never observed. For all 30 patients, ERP of ventricular muscle with method IIB as compared with method I decreased from 223 ± 23 to 213 ± 22 msec (p < .0001). Therefore, in most patients an abrupt increase in cycle length resulted in longer refractoriness of the HPS than that at a constant cycle length with identical CLR, whereas refractoriness of ventricu- 
Discussion
The classic concept that refractoriness of the HPS and ventricular muscle both vary directly with preceding cycle lengths describes their steady-state properties. The present findings, however, revealed that when cycle lengths were abruptly altered, a disparity between behavior of the HPS and ventricular muscle became apparent. This nonparallel behavior or divergence between refractoriness of the HPS and ventricular muscle was manifest by the following: (1) [15] [16] [17] , '9 have reported nonparallel behavior between action potential duration of the HPS and ventricular muscle in response to premature stimulation in canine and porcine heart preparations, but an increase in refractoriness of the HPS after abrupt short-to-long cycle length changes compared with that after similar constant long cycle length was not suggested by animal studies. In a study on the effect of such cycle length changes in canine hearts, Han and Moe"4 found the HPS and ventricular muscle to behave in a parallel fashion, with both tissues demonstrating a cumulative effect of preceding cycle lengths. Fundamental methodologic differences may account for the observed variance in HPS behavior between these studies. For example, in the study of Han and Moe, direct stimulation of the His bundle was performed and the refractory period of the His bundle was defined as the minimal interval between stimuli (SSs2) at which a propagated response to S, could be evoked. In the present study, right ventricular stimulation was performed and refractoriness of the HPS was defined as onset of conduction delay (RRP) and conduction block (ERP) in the HPS. The variance in results between these reports, therefore, may be due to the fact that different properties of the HPS were being investigated, i.e., excitability in the study of Han and Moe vs conduction delay and/or block of propagated impulse in the present study. Another unknown but potentially important factor may be the species differences in the electrophysiologic behavior of the HPS with sudden changes in basic cycle length.
Among explanations for the emergence of retrograde H, deflection from V, at longer V,V2 during 1220 short-to-long cycle length change, the following must be considered: (1) it does seem that at the shortest comparable V1V2 intervals the effect on refractoriness of the HPS with abrupt cycle length change was of sufficient magnitude to more than compensate for any change in opposite direction produced by a concomitant change in refractoriness of ventricular muscle or of the PMJ.
Within the limits of the methods used, our study suggests that there were intrinsic differences between refractory properties of the HPS and ventricular muscle that became manifest with abrupt changes in cycle length. The behavior of ventricular muscle confirmed findings in previous studies; however, the HPS response differed dramatically. Although an exact mechanism for this divergence in behavior cannot be derived from our study, it appears that the HPS responded to directional and/or dynamic changes in cycle lengths, decreasing refractoriness where CLp was greater than CLR and increasing refractoriness where CLP was less than CLR, whereas ventricular muscle responded to so-called cumulative changes in cycle lengths. Differences in the magnitude of change in refractoriness of the HPS with long vs short CLp suggest that in addition to responding to the direction of change in cycle length, the rate of change in cycle length may be an important determinant of the magnitude of response of the HPS. For example, when CLR is 600 msec and CLp is 800 msec, the rate of change is 200/800 or 25%, whereas, when CLR is 600 msec and CLp is 400 msec, then the rate of change is 200/400 or 50%. A similar response does not appear to be operative in ventricular muscle. These theoretical HPS responses to cycle length changes are quantitively comparable to the findings in the present study.
While such explanations may be an oversimplification of complex phenomena, the demonstration of dissociation between the behavior of the HPS and ventricular muscle suggests the need to reassess accepted concepts. Because of the similar response of the HPS in most patients studied, such changes are probably functional in nature and, therefore, awareness of these properties may be helpful in determining disease states of the HPS or drug effects. Moreover, it is well appreciated that dispersion of refractoriness is a substrate for reentry. The role, if any, that abrupt cycle length changes play in the initiation of clinical arrhythmias needs to be evaluated.
